Vegetative organs of Khaya senegalensis (Ders.) A. Juss. are widely used in African pharmacopoeia. A review of pharmacological studies, focused on this plant, was carried out, using the available scientific literature. Several studies have revealed its bioactive properties and therefore its medical efficacy. Aqueous and alcoholic extracts of the stem bark and leaves of this plant have shown efficient in the treatment of some bacterial infections. Their widely reported biochemical effects, such as α-amylase activity inhibition, decreasing in bowel motility and in some blood and serum enzyme (Aspartate transferase, Alanine transferase and Alkaline phosphatase) justify indications against diabetes, diarrhea and liver disorders. Antiparasitic properties directed against helminths and coccidian are also attributed to these herbal medicines. However, according to some results recorded in various studies, this plant has a high risk of toxicity in chronic treatment (several weeks). Histotoxic effects (in liver and kidney) resulting in increased of plasma total protein, blood urea and creatinine are reported.
Introduction
However, herbal medicine still largely based on recipes and empirical operations, it's increasingly used as the main alternative to conventional chemical medication [1] [2] [3] . Its renewed interest grows continuously in low-income areas as much as people worry about the controversy on the effectiveness and the cost of drugs. This motivated, in the past decade, a plethora of programs focused on the verification of the bioactivity of many plants supposed to have therapeutic virtues. In this path, some plants including Khaya senegalensis are particularly indexed by many African communities [3] [4] [5] . Leaves and stem bark extracts of Khaya senegalensis are effective against several human and animal diseases [6] [7] [8] [9] [10] [11] [12] . The great advantage and the real sociological and medical importance of this component of the tropical flora are well reflected in the profusion of scientific work carried out around the world. their ends panicles of small white flowers consisting of successive whorls of four floral parts. Its fruits are capsules with thick and woody seed coat. These capsules are dehiscent and have four valves that allow to see the flat seeds closely applied against each other [14] . The bark of this tree is very thick, scaly and dark brownish-gray colour (Figure 2 ). In section it oozes reddish exudates.
Khaya senegalensis favourable habitats are those in wet soils, deep; alluvial; the edge of streams and non-flooded lowlands. It also accommodates dry or superficial or lateritic stations when rainfall is between 650-1300 mm during 4-7 months [15] . It inhabits Sudanese and Sudanese-Guinean regions [16] . It is abundant in the woodlands of most countries in the Guinea Gulf (Cameroon, Gabon, Nigeria, Benin, Togo, Ivory Coast, Guinea, Guinea Bissau, Gambia and Senegal) where it is known under various local names (Table 1 ) and where its usefulness is widely reported [17] [18] [19] [20] . But its distribution is much wider, ranging up Sudano-Sahel (Burkina Faso, Niger, Mali, Chad).
Chemical composition of Khaya senegalensis
The determination of the chemical composition of Khaya senegalensis has a long history that began on 19th century with Caventou [21] who revealed in a macerated bark, non-nitrogenous piero-resin which he called caïlcedrin, some colouring substances, sulphate of lime, chloride of lime, phosphate of lime, gum, starch, wax and a very small amount of fuel (. A century later, MoyseMignon [22] found in the leaves of K. senegalensis, 2% sucrose, saponin and bitter principle obtained with varying yields 0.90% in the bark of the trunk. The caïlcedrin could be a mixture of two unsaturated compounds containing a phenolic oxydryle, a methoxy group and lactose functions. More advanced work revealed the presence of triterpenoids with lactose or epoxy function and furan ring, which may exist in different forms in the plant organs. Adesogan et al. [23] listed these components according to the plant organs ( Table 2 ). Phytochemical screening of trunk bark allowed Lompo [24] Khivorine ; 3-diacetylkhivorine ; 7-diacetyl-7-oxokhivorine 3, 7-diacetyl-7-Oxokhivorine ; 3-destigloyl-6-dioxy-swietenine ; 3-B-acetoxy-swietenine.
Roots Khayasine
Root bark Methyl-6 hydroxyangolensate 
Reports on the therapeutic efficacy of Khaya senegalensis
Various extracts of leaves, bark or seeds of K. senegalensis were reported to have cure properties against several human diseases and have been tested in efficacy trials. Limonoids isolated from other one species of Khaya (Khaya grandifoliola) is declared highly effective against the causative agent of malaria, Plasmodium falciparum [26] . Table 3 provides a summary of therapeutic uses and efficiency confirmations.
Biochemical and tissue effects of Khaya senegalensis extracts
Studies from various backgrounds have shown that organs extracts of Khaya senegalensis induce significant changes in blood biochemical parameters. Ayo et al. [9] , after a physicochemical study, indicated that the extracted oil from the seeds of this plant is rich in bioactive substances that induce prophylactic and therapeutic effects.
Effects on blood biochemical and haematological compounds
According to Kolawole et al. [37] , the aqueous extract of the bark of K. senegalensis, at 100 and 200 mg.kg -1 body weights during 18 days, increases plasma levels of liver enzymes namely, Aspartate Amino-Transferase (AST), Alanine Amino-Transferase (ALT) and Alkaline Amino-Phosphatase (ALP) in rats. The same effect was recorded by Abubakar et al. [12] with much lower doses (10-40 mg.kg -1 BW) administered for 28 days to albinos rats. Yakubu et al. [39] also reported that the daily administration of the ethanolic extract of the bark of K. senegalensis (2 mg.kg-1 BW for 18 days) in rats resulting increased the concentration and activity of liver enzymes (ALP, AST and ALT). Then, these authors concluded to a cytolytic effect of the extract on the liver.
However, reducing effects of the activity of ALT are revealed by the prolonged administration of a dose of 2mg.kg-1 BW of the ethanol extract of K. senegalensis [40] . Ali et al. [41] also reported a significant decrease in the activity of liver enzymes (AST, ALT and ASP) in albino rats at doses of 250 mg.kg -1 and 500 mg.kg -1 of BW for 5 days.
On the other hand, some reports evoke the reduction effect of serum AST, ALT and ALP. This potential, synonymous of hepatoprotective properties of K. Senegalensis, was highlighted by Ibrahim et al. [11] which reported a lower rate of transaminases in experimentally trypanosomosis due to Trypanosoma brucei, a great destroyer of liver parenchyma [42] . Sule et al. [43] also evaluated the hepatoprotective effect of an aqueous bark extract administered to rats whose liver was subjected to the toxic effect of tetrachloride (CCl 4 ). These authors observed with a dose of 80 mg per kg of body weight for 6 days no signal of toxicity. The protective effect of the extract is then well highlighted.
A nephroprotective effect of Khaya senegalensis aqueous extract was also reported. Wistar rats with renal dysfunction caused by Gentamycin administration (100 mg.kg -1 BW), when they were treated with aqueous extract of K. senegalensis at 500 and 250 mg.kg -1 BW showed a significant improvement of their renal function with ameliorated concentrations of serum urea, creatinine, total protein and albumin and similarly repair of damage in the kidney tubules [44] .
A dose-dependent increase in blood levels of total protein, urea, globulin and creatinine have been reported in rats by Kolawole et al. [37] . These effects were registered at doses of 100 and 200 mg.kg -1 BW administered for 18 days. But Ali et al. [41] reported, for higher doses (250 mg.kg -1 and 500 mg.kg -1 BW) and shorter duration of treatment (5 days), reduced concentrations of the same parameters. This discrepancy between the two observations suggests that a long treatment reverse the biochemical effects of Khaya senegalensis extracts and inducing histological damages of the liver, kidney, heart...The extracts were also reported to have elevating action of serum concentration of sodium and potassium ions [37, 40] .
According to Kolawole et al. [37] works, the aqueous extract of the stem bark of the plant induces decrease in Red Blood Cells, Packed Cell Volume, and Haemoglobin level. Puri et al. [45] reported the elevation of blood globulin indicating a reinforcing action of the immune system.
General and physiological and tissue effects
Lompo et al. [46] reported a hypothermisting effect of aqueous extract of the stem barks on mice. These authors obtained fall in temperature about 4 to 9 points with 750 to 1500 mg.kg BW treatment.
According to Sablassou et al. [47] , ethanolic extract of dried leaves of Khaya senegalensis has antispasmodic and spasmolytic effects on the guinea pig ileum. These authors indicated that at the dose of 1 mg.ml -1 , the extract abolishes the contraction induced by acetylcholine 0.1 p.g.ml -1 . Since calcium enriched environment does not allow return of contractions the observed effect is lasting. This plant extract act as a calcium blocker relaxing the smooth muscle of guinea pig ileum. This result is in accordance with the release of gastrointestinal motility obtained by Nwosu et al. [29] on rats at doses of 100-300 mg.kg -1 BW. Similar observation was also notified by Elisha et al. [48] whom evaluated in vivo the effects of stem bark aqueous and ethanolic extracts on the digestive transit and faeces wetness in albino rats. They induced, experimentally, diarrhoea in these animals using castor oil before treated them with the herbal extracts. The authors observed then dose-dependently a decreasing of the diarrhoea without significant decrease in bowel transit. They attributed the antidiarrheal activity of K. senegalensis to the flavonoid and tannin compounds of the extracts.
Androulakis et al. [32] used Promega's CellTiter 96 ® AQueous One Solution Assay (Madison, WI, USA) to determine the viability of the colon cancer cells. They plated the cells (HCT-15, HT-29, HCA-7) at 10,000 cells per well in a 96-well plate. The cells were treated with a series of concentrations of K. Senegalensis bark extract for 3, 6 and 24 h. The controls included medium only, medium plus vehicle (<0.05% DMSO), as well as medium plus the extract at the various concentration used. At the end of each treatment time, 20 µl of One Assay Solution was added to each well, followed by incubation at 37°C for 1 h, and analysis at 490 nm with 650 nm reference wavelengths was carried out on a Beckman Coulter DU 640 spectrophotometer (Carlsbad, CA, USA). The data-points of absorbance were converted to percent of control and were plotted on a percent versus concentration graph, from which the 20% and 50% inhibitory concentrations were determined. The reported result of this study is that K. Senegalensis bark extract displays antiproliferative, anti-inflammatory and pro-apoptotic effects on HT-29, HCT-15 and HCA-7 cells.
Toxicological risks
According to Nwosu et al. [29] the aqueous extract of leaves of Khaya senegalensis is not toxic. Indeed at the end of a study conducted by them on rats in Nigeria, these authors reported that the LD 50 of the extract is greater than 3000 mg.kg -1 body weight.
Although other studies revealed that chronic treatment rather induces an increase of these parameters signing some hepatotoxicity [37, 49, 50] . Long treatments also cause elevation of serum creatinine and blood urea [37] which reflects renal dysfunction.
A risk of acute ecotoxicities of aqueous and ethanolic extracts of leaves of Khaya senegalensis have been suspected by Adakole and Balogun [51] . These authors assessed the sensitivity of Chironomid larvae to aqueous and ethanolic extracts of the plant in aquatic environment. The result indicated LC 50 of aqueous and ethanolic extracts were 1.39g/l and 1.20g/l respectively and a deformity of mouthparts, change in body coloration, packing of certain body segments with black particles. It's clear the extract disrupts these invertebrates ecology.
Conclusion
The bioactivity of Khaya senegalensis is widely proven by scientific studies. Its influence on biochemical parameters is particularly documented and one can conclude that the immediate effect is rather protective for vital organs such as the liver and kidney. The effectiveness of different types of extract, aqueous or alcoholic, against some diseases (pest, infections, cancer, and diabetes) has been reported by several authors. However chronic administration involves tissue toxicity risks.
